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I Signal characteristic variation apparatus for high definition video cassette recorder. 

i A signal characteristic variation apparatus for 
a high definition VCR in which a characteristic 
of a video signal transmitted is varied according 
to characteristics of a tape and a channel. A 
predetermined frequency band of test signal is 
recorded and played back on/from the tape for 
discrimination of the tape and channel charac- 
teristics In a recording mode. Therefore, the 
video signal can stably be recorded on the tape 
with its characteristic adjusted according to the 
discriminated tape and channel characteristics. 
In a playback mode, the tape and channel 
characteristics are discriminated by detecting 
the test signal recorded on the tape. Therefore, 
the video signal can stably be played back from 
the tape with its frequency characteristic adjus- 
ted according to the discriminated tape and 
channel characteristics. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to a high s 
definition video cassette recorder (referred to herein- 
after as VCR) connected to a high definition television 
receiver, and more particularly to a signal character- 
istic variation apparatus for the high definition VCR in 
which a characteristic of a video signal transmitted is 10 
varied according to characteristics of a tape and a 
channel for recording and playback of the video sig- 
nal. 

Description of the Prior Art fs 

Referring to Fig. 1, there is shown a block dia- 
gram of a conventional high definition VCR connect- 
ed to a high definition television receiver. In this draw- 
ing, the high definition VCR is designated by the ref- 20 
ere nee numeral 20 and the high definition television 
receiver is designated by the reference numeral 10. 
The high definition television receiver 10 is adapted 
to receive a compressed high definition video signal 
transmitted from a broadcasting station and display 25 
the received video signal through a monitor (not 
shown) thereof. The high definition VCR 20 is adapt- 
ed to record the high definition video signal received 
by the high definition television receiver 10 on a tape, 
play back the high definition video signal recorded on 
the tape and display the played back video signal 
through the monitor of the high definition television re- 
ceiver 10. 

The high definition television receiver 10 com- 
prises a tuner 11 for detecting the compressed high 
definition video signal Vi from the broadcasting sta- 
tion, received through an antenna (not shown), a de- 
modulator 1 2 for demodulating the detected video sig- 
nal from the tuner 11 into a state before its modula- 
tion, a decoder 13 for receiving the demodulated vid- 
eo signal from the demodulator 12 through a switch 
SW1 when the high def initton television receiver 10 is 
selected by the user and decode the received video 
signal to expand * into a state before is compression, 
and a digital/analog (D/A) converter 14 for converting 
the decoded video signal from the decoder 1 3 into an 
analog video signal. 

The high definition VCR 20 comprises an error 
correction coder 21 for receiving the demodulated 
video signal from the demodulator 12 through the 
switch SW1 when a recording mode of the high defi- 
nftton VCR 20 is selected by the user and adding an 
error correction code to the received video signal, a 
formatter 22 for formatting an output signal from the 
error correction coder 21 in a recording format on the 
tape, a channel modulator 23 for modulating an output 
signal from the formatter 22 suitably to a channel 
characteristic, a recording amplifier 24 for amplifying 



an output signal from the channel modulator 23 by a 
predetermined level, and a head HD1 for recording an 
output signal from the recording amplifier 24 on the 
tape. 

Also, the high definition VCR 20 comprises a 
head HD2 for playing back a data stream of the video 
signal recorded on the tape when a playback mode of 
the high definition VCR 20 is selected by the user, a 
playback amplification/equalization circuit 25 for am- 
plifying the data stream played back by the head HD2 
by a predetermined level and compensating for a dis- 
tortion of the amplified data stream, a channel de- 
modulator 26 for demodulating an output signal from 
the playback amplification/equalization circuft 25 
suitably to the channel characteristic, and a deformat- 
terferror correction decoder circuit 27 for deformat- 
ting an output signal from the channel demodulator 26 
into the original state, correcting an error of the resul- 
tant video signal and output ting the error-corrected 
video signal to the decoder 13 through the swftch 
SW1. 

The operation of the conventional high definition 
VCR with the above-mentioned construction will 
hereinafter be described. 

First, in the case where the high definition televi- 
sion receiver 1 0 is selected by the user, the video sig- 
nal compressed ami modulated in the broadcasting 
station is received by the antenna and then tuned by 
the tuner 11. The tuned video signal from the tuner 
11 is demodulated into the state before its modulation 
by the demodulator 12. In the demodulator 12, there 
is extracted and corrected an error component insert- 
ed into the video signal in the transmission. The de- 
modulated video signal from the demodulator 12 is 
applied to the decoder 13 through the switch SW1. 

The decoder 13 decodes the received video sig- 
nal to expand it into the state before its compression. 
The decoded video signal from the decoder 13 is con- 
verted into the analog video signal by the D/A conver- 
ter 14 and then displayed through the monftor. 

On the other hand, in the case where the record- 
ing mode of the high definition VCR 20 ts selected by 
the user, the switch SW1 is switched to transfer the 
demodulated video signal from the demodulator 12 to 
the error correction coder 21. The error correction 
coder 21 adds the error correction code to the de- 
modulated video signal from the demodulator 12 to 
remove an error component to be generated to the re- 
cording of the video signal on the tape. Then, the for- 
matter 22 formats the output signal from the error cor- 
rection coder 21 in the recording format on the tape. 

The output signal from the formatter 22 is modu- 
lated by the channel modulator 23 suitably to the 
channel characteristic corresponding to the head, the 
tape or the recording amplifier, so that it can be re- 
corded at a limited recording frequency. The output 
signal from the channel modulator 23 is amplified by 
the predetermined level by the recording amplifier 24 
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and then recorded on the tape by the head HD1. 

In the case where the playback mode of the high 
definition VCR 20 is selected by the user, the data 
stream of the video signal recorded on the tape is 
played back by the head HD2 and then amplified by s 
the predetermined level by the playback amplifica- 
tion/equalization circuit 25. Also, the playback ampli- 
fication/equalization circuit 25 compensates for the 
distortion of the amplified data stream. Then, the out- 
put signal from the playback amplification/equal iza- 10 
bon circuit 25 is demodulated by the channel demod- 
ulator 26 into the state before the modulation by the 
channel modulator 23. 

The output signal from the channel demodulator 
26 is deformatted into the original state by the defor- is 
matter/error correction decoder circuit 27. Also, the 
deformatter/error correction decoder circuit 27 cor- 
rects an error component of the resultant video signal 
generated in the recording and playback. 

Then, the error-corrected video signal from the 20 
deformatter/error correction decoder circuit 27 is ap- 
plied to the decoder 13 to the high definition television 
receiver 10 through the swtch SW1. The decoder 13 
decodes the received video signal to expand it into the 
state before its compression. The decoded video sig- 25 
nal from the decoder 13 is converted into the analog 
video signal by the D/A converter 14 and then dis- 
played through the monitor of the high definition tel- 
evision receiver 10. 

Noticeably, an analog video signal of an NTSC or so 
PAL system can be recorded at a frequency band of 
5MHz on a VCR tape of a VHS system. Also, in the 
case of a S-VHS system, the analog video signal can 
be recorded at a frequency band of 7MHz. On the 
other hand, a digital video signal receivable by the 35 
high definition television receiver has an information 
amount (at least 5 times) much more than that of the 
analog video signal. For this reason, the dig&al video 
signal must be recorded at a density much higher than 
that of the analog video signal. 40 

Therefore, the future-oriented high definition 
VCR can record the high definition video signal at a 
very high recording speed on high quality tapes of MP 
and ME systems as well as the SVHS system, differ- 
ently from the existing analog VCR. Namely, the high 45 
definition video signal can be recorded at a frequency 
band of 15MHz by the high definition VCR. By the 
way, in the high definition VCR, a channel character- 
istic or a recording/playback characteristic of the dig- 
ital video signal is determined according to a charac- so 
teristic of the tape as a recording medium. In this con- 
nection, the digital video signal may instabty be re- 
corded and played back when the tape has a small ca- 
pacity. The instable recording and playback of the dig- 
ital video signal result in a degradation in a picture 55 
quality. 



SUMMARY OF THE INVENTION 

Therefore, the present invention has been made 
in view of the above problem, and ft is an object of the 
present invention to provide a signal characteristic va- 
riation apparatus for a high definition VCR in which a 
characteristic of a video signal transmitted is varied 
according to characteristics of a tape and a channel, 
so that recording and playback of the video signal can 
stably be performed, resulting in prevention of a deg- 
radation in a picture quality. 

In accordance with the present invention, the 
above and other objects can be accomplished by a 
provision of a signal characteristic variation appara- 
tus for a high definition video cassette recorder, com- 
prising scaling means for selecting an output signal 
from encoding means or variable length-coded mo- 
tion data, control data and DCT coefficient data from 
first decoding means to a television receiver under a 
control of a first switch and formatting the selected 
signal or data into a data stream; variable length cod- 
ing means for coding the output signal from said en- 
coding means or the motion data, control data and 
DCT coefficient data from said first decoding means 
at a variable length and outputting the coded data to 
said scaling means; scale control means for output- 
ting a scale control signal to said scaling means ac- 
cording to a selected one of recording modes; error 
correction coding means for adding an error correc- 
tion code to an output signal from said scaling means; 
formatting means for formatting an output signal from 
said error correction coding means in a recording for- 
mat on a tape; channel modulation means for modu- 
lating an output signal from said formatting means at 
a frequency band suitable to tape and channel char- 
acteristics; test signal generation means for generat- 
ing a test signal in response to a switching control sig- 
nal which is generated according to the selected re- 
cording mode and passing the generated test signal 
at a predetermined frequency band, the test signal 
from said test signal generation means being used to 
discriminate the tape and channel characteristics; re- 
cording amplification means for amplifying an output 
signal from said channel modulation means or the 
test signaJ from said test sig nal ration means by a pre- 
determined level under a control of a second skitch; 
first and second heads for recording an output signal 
from said recording amplification means on the tape; 
third and fourth heads for playing back a video signal 
or the test signal recorded on the tape in a playback 
mode; playback amplification means for amplifying 
the video signal or the test signal played back by said 
third and fourth heads by a predetermined level; tape 
characteristic detection means for receiving an output 
signal from said playback amplification means under 
a control of a third switch and discriminating the tape 
and channel characteristics in response to the re- 
ceived signal; equalization means for compensating 
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for a distortion of the output signal from said playback 
amplification means in response to a first output sig- 
nal from said tape characteristic detection means; 
channel demodulation means for demodulating an 
output signal from said equalization means at a fre- 5 
quency band suitable to the tape and channel charac- 
teristics in response to a second output signal from 
said tape characteristic detection means; deformat- 
ting and error correction decoding means for defor- 
matting an output signal from said channel demodu- 10 
lation means into the original state and correcting an 
error of the resultant data stream; and inverse scaling 
means for performing inverse scaling of an output sig- 
nal from said defbrmatting and error correction de- 
coding means to extract the motion data, the DCT is 
coefficient data and the control data therefrom and 
outputting the extracted data to said first decoding 
means in the television receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

The above and other objects, features and ad- 
vantages of the present invention will be more dearly 
understood from the following detailed description 
taken in conjunction with the accompanying draw- 25 
Ings, in which: 

Fig. 1 is a block diagram of a conventional high 
definftfon VCR connected to a high definfion tel- 
evision receiver; 

Fig. 2 is a block diagram of a signal characteristic 30 
variation apparatus for a high definition VCR con- 
nected to a high definition television receiver in 
accordance with an embodiment of the present 
invention; 

Fig. 3 is a detailed block diagram of a scaler and 35 
a variable length coder in Fig. 2; 
Fig. 4 is a detailed block diagram of test signal 
generation and tape characteristic detection cir- 
cuits in Rg. 2; 

Figs. 5 to 9 are views illustrating a process in 40 
which a video signal is compressed according to 
tape and channel characteristics; 
Fig. 10 is a rlowchart illustrating a signal charac- 
teristic variation operation in accordance with the 
present invention; and 45 
Fig. 11 Is a block diagram of a signal characteris- 
tic variation apparatus for a high definition VCR 
connected to a high definition television receiver 
in accordance with an alternative embodiment of 
the present invention. so 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Fig. 2, there is shown a block dia- 55 
gram of a signal characteristic variation apparatus for 
a high definition VCR connected to a high definition 
television receiver in accordance with an embodiment 



of the present invention. In this drawing, the high def- 
inition VCR is designated by the reference numeral 
200 and the high definition television receiver is des- 
ignated by the reference numeral 100. The high def- 
inition television receiver 100 is adapted to receive a 
compressed high definition video signal transmitted 
from a broadcasting station and display the received 
video signal through a monitor (not shown) thereof. 
The high definition VCR 200 is adapted to record the 
high definition video signal received by the high def- 
inition television receiver 100 on a tape, play back the 
high definftion video signal recorded on the tape and 
display the played back video signal through the mon- 
itor of the high definition television receiver 1 00. 

The high definition television receiver 100 com- 
prises a tuner 11 0 for detecting the compressed high 
definition video signal Vi from the broadcasting sta- 
tion, received through an antenna (not shown), and a 
demodulator 1 20 for demodulating the detected video 
signal from the tuner 110 into a state before its mod- 
ulation. 

A decoder 130 is provided in the high definition 
television receiver 100 to extract motion data MV, 
DCT coefficient date Vpcr and control data Pctl from 
the demodulated video signal from the demodulator 
1 20, decode the extracted date MV, Vocr and Pctl at 
a fixed length and perform inverse quantization and 
inverse DCT of the decoded data 

Also, the high definition television receiver 100 
comprises a digital/analog (D/A) converter 140 for 
converting an output signal from the decoder 130 into 
an analog signal. 

The high definition VCR 200 comprises an ana- 
log/dig Sal (A/D) converter 21 0 for receiving an analog 
video signal AVI from a view finder of a camera or a 
camcorder (not shown) and converting the received 
analog video signal into a digital video signal, an en- 
coder 220 for encoding an output signal from the A/D 
converter 210, a scaler 230 for formatting an output 
signal from the encoder 220 or the output date MV, 
Vocr and Pctl from the decoder 1 30 in the high defi- 
nition television receiver 100 into a date stream, a va- 
riable length coder 310 for coding the output signal 
from the encoder 220 or the output date MV, Vocr and 
Pctl from the decoder 130 at a variable length and 
outputting the coded date to the scaler 230, and a 
scale controller 250 for outputting a scale control sig- 
nal to the scaler 230. The scale control signal from the 
scale controller 250 is determined according to a se- 
lected one of recording modes SP, LP and SLR 

Also, the high definition VCR 200 comprises an 
error correction coder 260 for adding an error correc- 
tion code to an output signal from the scaler 230, a 
formatter 270 for formatting an output signal from the 
error correction coder 260 in a recording format on the 
tape, and a channel modulator 280 for modulating an 
output signal from the formatter 270 at a frequency 
band suitable to tape and channel characteristics. 
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A test signal generation circuit 290 is provided in 
the high definition VCR 200 to generate a test signal 
in response to a switching control signal which is gen- 
erated according to the selected recording mode and 
pass the generated test signal at a predetermined f re- s 
quency band. The test signal from the test signal gen- 
eration circuit 290 is used to discriminate the tape and 
channel characteristics. 

A recording amplifier 300 is also provided in the 
high definition VCR 200 to amplify an output signal 
from the channel modulator 280 or the test signal 
from the test signal generation circuit 290 by a prede- 
termined level under a control of a switch SW14. 

Heads HD11 and HD12 are also provided in the 
high definition VCR 200 to record an output signal 
from the recording amplifier 300 on the tape. 

Heads HD13 and HD14 are also provided in the 
high definition VCR 200 to play back a video signal or 
the test signal recorded on the tape when a playback 
mode of the high definition VCR 200 is selected by the 
user. 

The high definition VCR 200 also comprises a 
playback amplifier 31 0 for amplifying the video signal 
or the test signal played back by the heads HD1 3 and 
HD14 by a predetermined level, a tape characteristic 
detection circuit 320 for receiving an output signal 
from the playback amplifier 310 under a control of a 
switch SW15 and discriminating the tape and channel 
characteristics in response to the received signal, an 
equalizer 330 for compensating for a distortion of the 
output signal from the playback amplifier 310 in re- 
sponse to a first output signal from the tape charac- 
teristic detection circuit 320, and a channel demodu- 
lator 340 for demodulating an output signal from the 
equalizer 330 at a frequency band suitable to the tape 
and channel characteristics in response to a second 
output signal from the tape characteristic detection 
circuft 320. 

A deformatter/error correction decoder circuit 
350 is also provided in the high definition VCR 200 to 
deformat an output signal from the channel demodu- 
lator 340 into the original state and correct an error of 
the resultant data stream. 

An inverse scaler 360 is also provided in the high 
definition VCR 200 to perform inverse scaling of an 
output signal from the deformatter/error correction 
decoder circuit 350 to extract the motion data MV, the 
DCT coefficient data Vqct and the control data Pet! 
therefrom and output the extracted data MV, Wocr and 
Pctl to the decoder 130 In the television receiver 100 
through a switch SW1. 

A decoder 370 is also provided in the high def inl- 
tion VCR 200 to decode the output data MV, Vqct and 
Pctl from the inverse scaler 360 to expand them into 
states before their compression. 

AD/A converter 380 is also provided in the high 
definition VCR 200 to convert an output signal from 
the decoder 370 into an analog signal and output the 



analog signal to a monitor (not shown) connected to 
the camera or the camcorder. 

Referring to Fig. 3, there is shown a detailed 
block diagram of the scaler 230 and the variable 
length coder 240. As shown in this drawing, the scaler 
230 includes a demultiplexer 231 for demultiplexing 
the output signal from the encoder 220, a switch 
SW11 for selecting one of an output signal from the 
demultiplexer 231 and the DCT coefficient data Vqct 
from the decoder 130, a switch SW12 for selecting 
one of the output signal from the demultiplexer 231 
and the control data Pctl from the decoder 130, a 
switch SW13 for selecting one of the motion data MV 
from the decoder 1 30 and a ground GND, a DCT coef- 
ficient data arrangement unit 232 for applying an out- 
put signal from the switch SW11 to the variable length 
coder 240 and compressing the coded DCT coeffi- 
cient data from the variable length coder 240 in re- 
sponse to the scale control signal SCS from the scale 
controller 250, and a DCT coefficient data selector 
233 for removing unnecessary DCT coefficient data 
from an output signal from the DCT coefficient data 
arrangement unit 232 in response to the scale control 
signal SCS from the scale controller 250. 

A control data adjustment unit 234 is provided in 
the scaler 230 to apply an output signal from the 
switch SW12 to the variable length coder 240, com- 
press the coded control data from the variable length 
coder 240 In response to the scale control signal SCS 
from the scale controller 250 and adjust a size of the 
compressed control data in response to the output 
signal from the DCT coefficient data arrangement 
unit 232. 

A motion data adjustment unit 235 is also provid- 
ed in the scaler 230 to apply an output signal from the 
switch SW13 to the variable length coder 240, com- 
press the coded motion data from the variable length 
coder 240 in response to the scale control signal SCS 
from the scale controller 250 and adjust a size of the 
compressed motion data in response to the output 
signal from the DCT coefficient data arrangement 
unit 232. 

Also, the scaler 230 includes a multiplexer 236 for 
multiplexing an output signal from the DCT coeffi- 
cient data selector 233 and an output signal from the 
control data adjustment unit 234, and a for m atter 237 
for formatting an output signal from the multiplexer 
236 and an output signal from the motion data adjust- 
ment unit 235 Into the data stream. 

The variable length coder 240 includes a control 
code table 241 for storing control data code values for 
the variable length coding, a control data converter 
242 for converting an output code from the control 
code table 241 into control date and outputting the 
converted control data to the control data adjustment 
unit 234 in the scaler 230, a motion code table 243 for 
storing motion data code values for the variable 
length coding, a motion data converter 244 for cen- 
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verting an output code from the motion code table 243 
into motion data and outputting the converted motion 
data to the motion data adjustment unit 235 in the 
scaler 230, a DCT coefficient code table 245 for stor- 
ing DCT coefficient data code values for the variable . 5 
length coding, and a DCT coefficient data converter 
246 for converting an output code from the DCT coef- 
ficient code table 245 into DCT coefficient data and 
outputting the converted DCT coefficient data to the 
DCT coefficient data arrangement uni 232 in the 
scaler 230. 

Referring to Fig. 4, there Is shown a detailed 
block diagram of the test signal generation circuit 290 
and the tape characteristic detection circuit 320. As 
shown In this drawing, the test signal generation cir- 
cuit 290 includes a test signal generator 291 for gen- 
erating the test signal In response to the switching 
control signal TCS which is generated according to 
the selected recording mode, and a band pass filter 
292 for passing the generated test signal from the test 
signal generator 291 at the predetermined frequency 
band and outputting the resultant test signal to the re- 
cording amplifier 300 through the switch SW14. 

The tape characteristic detection circuit 320 in- 
cludes a signal analyzer 321 for discriminating the 
tape and channel characteristics in response to the 
output signal from the playback amplifier 310 and 
controlling the scale controller 250 in accordance 
with the discriminated result, a comparator 322 for 
comparing a frequency charact eri stic of an output sig- 
nal from the signal analyzer 321 with that of the test 
signal from the test signal generation circuit 290 and 
applying the second output signal to the channel mod- 
ulator 280 and the channel demodulator 340 In accor- 
dance with the compared result to adjust the frequen- 
cy bands thereof, and a tape characteristic measure- 
ment unit 323 for detecting an error of the played back 
test signal in response to an output signal from the 
comparator 322, varying a filter coefficient of the 
band pass filter 292 in such a manner that the detect- 
ed error becomes smaller than a predetermined 
threshold value and outputting the varied filter coef- 
ficient as the first output signal to the equalizer 330 
to determine a filter coefficient thereof. 

The operation of the high definition VCR with the 
above-mentioned construction in accordance with 
the embodiment of the present invention will herein- 
after be described in detail wfth reference to Figs. 2 
to 10. 

Rrst, in the high definition television receiver 
100, the compressed high definition video signal Vi 
transmitted from the broadcasting station is detected 
by the tuner 110 ami then demodulated by the demod- 
ulator 120. The demodulated video signal from the 
demodulator 120 is decoded at the fixed length and 
then deformatted by the decoder 130. Namely, the 
decoder 130 extracts the motion data MV, the DCT 
coefficient data Vqct and the control data Pctl from 



the demodulated video signal from the demodulator 
1 20, decodes the extracted data MV. Vqct and Pctl at 
the fixed length and performs the inverse quantiza- 
tion and inverse DCT of the decoded data. The resul- 
tant digital video signal from the decoder 130 is ap- 
plied to the D/A converter 140. Also, the extracted 
motion data MV, DCT coefficient data Vqct and con- 
trol date Pctl from the decoder 130 are applied to the 
scaler 230 In the high definition VCR 200 through the 
switch SW1. 

In the case where the high definition television re- 
ceiver 100 is selected by the user, the digital video 
signal from the decoder 130 is applied to the D/A con- 
verter 140 through the switch SW1 and then convert- 
ed into the analog video signal thereby. The analog 
video signal from the D/A converter 140 is displayed 
through the monitor of the television receiver 100. 

On the other hand, In the case where the record- 
ing mode of the high definition VCR 200 is selected 
by the user, the switching control signal TCS is gen- 
erated accoitiing to the selected recording mode and 
then applied to the test signal generation circuit 290. 
In the test signal generation circuit 290, the test signal 
generator 291 generates the test signal indicative of 
the tape and channel characteristics in response to 
the switching control signal TCS. The test signal from 
the test signal generator 291 is passed at the prede- 
termined frequency band by the band pass filter 292 
and then applied to the recording amplifier 300 
through the switch SW14. As a result the resultant 
test signal from the test signal generation circuit 290 
is amplified by the recording amplifier 300 and then 
recorded on the tape by the heads HD11 and HD12. 

Then, the playback mode of the high definition 
VCR 200 is set upon completion of the recording of 
the test signal. In this case, the test signal detected 
by the heads HD1 3 and HD14 is amplified by the pre- 
determined level by the playback amplifier 310 and 
then applied to the tape characteristic detection cir- 
cuit 320 through the switch SW1 5 depending on the 
switching control signal TSC. 

In the tape characteristic detection circuit 320, 
the signal analyzer 321 analyzes the output signal 
from the playback amplifier 310 to discriminate the 
tape and channel characteristics. The scale control 
signal from the scale controller 250 is applied to the 
scaler 230, being varied as a result of the analysis by 
the signal analyzer 321. 

Also in the tape characteristic detection circuit 
320, the comparator 322 compares the frequency 
characteristic of the output signal from the signal ana- 
lyzer 321 with that of the test signal from the test sig- 
nal generation circuit 290 to discriminate the tape 
characteristic and the channel characteristic or a re- 
cording/playback characteristic. As a result of the 
comparison, the comparator 322 applies the second 
output signal to the channel modulator 280 and the 
channel demodulator 340 to adjust the frequency 
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bands thereof. Therefore, the channel modulator 280 
and the channel demodulator 340 perform the modu- 
lation and demodulation at the frequency bands suit- 
able to the tape and channel characteristics. 

The output signal from the comparator 322 is also 5 
applied to the tape characteristic measurement unit 
323. In the tape characteristic measurement unit 323, 
the error d of the played back test signal is detected 
in response to the output signal from the comparator 
322. If the detected error ei is greater than the prede- 10 
termtned threshold value e™, then it is compared with 
a minimum allowable value emln. In this case, if the 
minimum allowable value emln is greater than the de- 
tected error ei, it is set as the detected error ei with re- 
spect to a certain frame, thereby causing the filter is 
coefficient of the band pass filter 292 to be adjusted. 

Then, the test signal from the test signal genera- 
tor 291 is passed through the band pass filter 292 at 
the adjusted filter coefficient and then applied to the 
recording amplifier 300 through the switch SW14. As 20 
a result, the test signal from the test signal generation 
circuit 290 is amplified by the recording amplifier 300 
and then recorded on the tape by the heads HD11 and 
HD12. Again, the test signal recorded on the tape is 
applied to the tape characteristic detection circuit 320 25 
through the playback amplifier 310 and the switch 
SW15. In the tape characteristic detection circuit 320, 
the signal analyzer 321 analyzes the output signal 
from the playback amplifier 310 to discriminate the 
tape and channel characteristics. The scale control 30 
signal from the scale controller 250 is applied to the 
scaler 230, being varied as a result of the analysis by 
the signal analyzer 321 . Also in the tape characteristic 
detection circuit 320, the comparator 322 compares 
the frequency characteristic of the output signal from 35 
the signal analyzer 321 with that of the test signal 
from the test signal generation ctcutt 290 to discrim- 
inate the tape and channel characteristics. As a result 
of the comparison, the comparator 322 applies the 
second output signal to the channel modulator 280 40 
and the channel demodulator 340 to adjust the fre- 
quency bands thereof. The output signal from the 
comparator 322 is also applied to the tape character- 
istic measurement unit 323. Then, the tape character- 
istic measurement unit 323 detects the error d of the 45 
test signal passed at the varied fitter coefficient in re- 
sponse to the output signal from the comparator 322. 
If the detected error el is greater than the predeter- 
mined threshold value e™, the above operation is re- 
peatedly performed, so 

In other words, the error of the test signal passed 
through the band pass fitter 292 at the varied filter 
coefficient is detected and then compared with the 
predetermined threshold value £th in the tape charac- 
teristic measurement unit 323. If the detected error el 55 
of the test signal is smaller than the predetermined 
threshold value em. the filter coefficient of the band 
pass filter 292 is applied to the equalizer 330 for ad- 



justment of the filter coefficient thereof. On the con- 
trary, if the detected error ei of the test signal is great- 
er than the predetermined threshold value em, the 
above operation is repeatedly performed until the de- 
tected error ei of the test signal becomes smaller than 
the predetermined threshold value sth- 

In this manner, In the case where the recording 
mode of the high definition VCR 200 is selected by the 
user, contacts a of the switches SW14 and SW15 are 
connected to contacts c thereof for a predetermined 
time period in response to the switching control signal 
so that the tape and channel characteristics can be 
detected, and the frequency bands of the channel 
modulator 280, equalizer 330 and channel demodula- 
tor 340 are determined in accordance with the detect- 
ed result Also, the scale control signal from the scale 
controller 250 is controlled in accordance with the de- 
tected result Thereafter, after the lapse of the prede- 
termined time period, contacts b of the switches 
SW14 and SW1 5 are connected to contacts d thereof. 
As a result, the recording and playback of the video 
signal are performed. 

First, the analog video signal AVi from the view 
finder of the camera or the camcorder is received and 
then converted into the digital video signal by the A/D 
converter 210. The encoder 220 encodes the output 
signal from the A/D converter 210 sutabty to the re- 
cording format 

The scale control signal SCS from the scale con- 
troller 250 is applied to the scaler 230 according to the 
selected one of the recording modes SP, LP and SLP. 
The scaler 230 selects the output signal from the en- 
coder 220 or the output data MV, Vqct and Pctl from 
the decoder 130 in the high definition television re- 
ceiver 100 through the switch SW1 and formats the 
selected signal or data into the data stream in re- 
sponse to the scale control signal SCS from the scale 
controller 250. 

Namely, as shown in Fig. 3, in the scaler 230, the 
demultiplexer 231 demultiplexes the output signal 
from the encoder 220 for data separation therefrom. 
In response to the switching control signal, the switch 
SW11 selects one of the separated data from the de- 
multiplexer 231 and the DCT coefficient data Vqct 
from the decoder 130 and the switch SW12 selects 
one of the separated data from the demultiplexer 231 
and the control data Pctl from the decoder 130. Also, 
the switch SW13 selects one of the motion data MV 
from the decoder 130 and the ground GND. 

The output data from the switch SW11 is applied 
to the DCT coefficient code table 245 in the variable 
length coder 240. Outputted from the DCT coefficient 
code table 245 is a code value corresponding to the 
output data from the switch SW1 1 . Namely, the output 
data from the switch SW11 is coded at the variable 
length at a compression rate determined by the scale 
control signal from the scale controller 250. The DCT 
coefficient code from the DCT coefficient code table 
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245 Is converted into the DCT coefficient data by the 
DCT coefficient data converter 246 in the variable 
length coder 240. 

The converted DCT coefficient data from the 
DCT coefficient data converter 246 Is applied to the 5 
DCT coefficient data arrangement unft 232 in the 
seder 230 and then arranged thereby for the format- 
ting of the data stream. The size of the arranged DCT 
coefficient data is adjusted by the scale control signal 
from the scale controller 250. io 

The DCT coefficient data selector 233 in the scal- 
er 230 is adapted to remove unnecessary DCT coef- 
ficient data from the output signal from the DCT coef- 
ficient data arrangement unit 232 in response to the 
scale control signal SCS from the scale controller ts 
250. Namely, pixel resolution is performed to reduce 
the size of the variable length-coded DCT coefficient 
data, as shown in Figs. 5 to 9, which are views illus- 
trating a process in which the video signal is com- 
pressed according to the tape and channel character- 20 
Istics. 

The output data from the switch SW12 is applied 
to the control code table 241 in the variable length 
coder 240, which outputs a control code value corre- 
sponding to the output data from the switch SW12. 25 
The control code value from the control code table 
241 is converted into the control data by the control 
data converter 242 in the variable length coder 240. 

Then, the control data from the control data con- 
verter 242 is applied to the control data adjustment 30 
unit 234 in the scaler 230. The control data adjust- 
ment unit 234 compresses the control data from the 
control data converter 242 in response to the scale 
control signal SCS from the scale controller 250 and 
adjusts the size of the compressed control data in re- 35 
sponse to the output signal from the DCT coefficient 
data arrangement unit 232. 

The output data from the switch SW13 is applied 
to the motion code table 243 in the variable length 
coder 240, which outputs a motion code value cone- 40 
sponding to the output data from the switch SW13. 
The motion code value from the motion code table 
243 is converted into the motion data by the motion 
data converter 244 in the variable length coder 240. 

Then, the motion data from the motion data con- 45 
verier 244 is applied to the motion data adjustment 
unit 235 in the scaler 230. The motion data adjust- 
ment unft 235 compresses the motion data from the 
motion data converter 244 in response to the scale 
control signal SCS from the scale controller 250 and so 
adjusts the size of the compressed motion data in re- 
sponse to the output signal from the DCT coefficient 
data arrangement unit 232. 

Subsequently, the multiplexer 236 in the scaler 
230 multiplexes the output signal from the DCT coef- 55 
ficient data selector 233 and the output signal from 
the control data adjustment unit 234. The formatter 
237 in the scaler 230 formats the output signal from 



the multiplexer 236 and the output signal from the mo- 
tion data adjustment unit 235 into the data stream. 

The data stream from the scaler 230 is sent to the 
error correction coder 260, which adds the error cor- 
rection code to the data stream from the scaler 230. 
The formatter 270 formats the output signal from the 
error correction coder 260 in the recording format on 
the tape. 

The output signal from the formatter 270 is modu- 
lated by the channel modulator 280 at the frequency 
band determined by the output signal from the com- 
parator 322 in the tape characteristic detection circuit 
320, and then applied to the recording amplifier 300 
through a contact b of the switch SW14. As a result 
the output signal from the channel modulator 280 is 
amplified by the recording amplif ier 300 and then re- 
corded on the tape by the heads HD11 and HD12. 

In the case where the playback mode of the high 
definition VCR 200 is selected by the user, the data 
stream of the video signal recorded on the tape is 
played back by the heads HD13 and HD14 and then 
amplified by the playback amplifier 310. The output 
signal from the playback amplifier 310 is applied to 
the equalizer 330 through the contact d of the swftch 
SW15. 

The equalizer 330 is adapted to compensate for 
the distortion of the output signal from the playback 
amplifier 31 0 In response to the output signal from the 
tape cha ra cter isti c measurement unit 323 In the tape 
characteristic detection circuit 320. The output signal 
from the equalizer 330 is demodulated by the channel 
demodulator 340 at the frequency band determined 
by the output signal from the comparator 322 in the 
tape characteristic detection circuit 320. The output 
signal from the channel demodulator 340 is applied to 
the defbrmatter/error correction decoder circuit 350. 

The defbrmatter/error correction decoder circuit 
350 deformats the output signal from the channel de- 
modulator 340 into the original state and then cor- 
rects the error of the resultant data stream. The in- 
verse scaler 360 functions to perform the inverse 
scaling of the output signal from the defbrmatter/error 
correction decoder circuit 350 to extract the motion 
data MV, the DCT coefficient data Vqct and the con- 
trol data PctJ therefrom. The extracted data MV, Vqct 
and Pctl from the inverse scaler 360 Is applied to the 
decoder 1 30 in the television receiver 1 00 through the 
switch SW1. The decoder 130 decodes the output 
data MV, Vqct and Pctl from the inverse scaler 360 to 
expand them into the states before their compression. 
The resultant digital video signal from the decoder 
1 30 Is applied to the D/A converter 140 and then con- 
verted into the analog video signal thereby. Then, the 
analog video signal from the D/A converter 140 is dis- 
played through the monitor of the television receiver 
100. 

Also, the extracted date MV, Vqct and Pctl from 
the inverse scaler 360 Is applied to the decoder 370. 
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The decoder 370 decodes the output data MV, Vqct 
and Pctt from the inverse scaler 360 to expand them 
into the states before their compression. The resultant 
digftai video signal from the decoder 370 is applied to 
the D/A converter 380 and then converted into the 
analog video signal thereby. Subsequently, the ana- 
log video signal from the D/A converter 380 is dis- 
played through the monitor connected to the camera 
or the camcorder. 

The above-mentioned operation of the high def- 
inition VCR will hereinafter be described in more de- 
tail with reference to Fig. 10, which is a flowchart il- 
lustrating a signal characteristic variation operation in 
accordance with the present invention. 

First, if the recording mode of the high definition 
VCR is selected by the user, the contact a of the 
switch SW14 is connected to the contact c thereof 
and, at the same time, the test signal is generated. 
The generated test signal is recorded on the tape in 
a still mode. 

Upon completion of the recording of the test sig- 
nal on the tape, the recording mode is stopped and 
the playback of the recorded test signal is started. In 
this case, the contact a of the switch SW15 is connect- 
ed to the contact c thereof and the recorded test sig- 
nal is played back in the still mode. The played back 
test signal is analyzed. 

The tape and channel characteristics are discrim- 
inated on the basts of the analysis of the played back 
test signal, and the scale controller 250 and the chan- 
nel modulator 280 are controlled in accordance with 
the discriminated result Therefore, the Input video 
data is modulated at the frequency band suitable to 
the tape and channel characteristics and then record- 
ed on the tape. 

On the other hand, in the case where the play- 
back mode of the high definition VCR is selected by 
the user, the test signal recorded on the tape is am- 
plified by the playback amplifier 31 0 and then applied 
to the tape characteristic detection circuit 320 through 
the contact cof the switch SW15. The tape and chan- 
nel characteristics are discriminated on the basis of 
the analysis of the played back test signal. Upon com- 
pletion of the analysis of the played back test signal, 
the contact b of the switch SW1 5 is connected to the 
contact d thereof. 

In this case, the error ei of the played back test 
signal is detected and then compared with the prede- 
termined threshold value st* If the detected error ei 
of the test signal is smaller than the predetermined 
threshold value en* the tape characteristic is meas- 
ured and the filter coefficient of the band pass filter 
292 is then adjusted. On the other hand, if the detect- 
ed error ei is greater than the predetermined threshold 
value 6th, then it is compared with the minimum allow- 
able value emin. In this case, if the minimum allow- 
able value emin is greater than the detected error ei, 
it is set as the detected error ei and the filter coeffi- 



cient of the band pass filter 292 is then adjusted. 

Then, the test signal passed through the band 
pass filter 292 at the adjusted filter coefficient is re- 
corded on the tape, and the error thereof is again de- 

5 tected and compared with the minimum allowable val- 
ue emin. If the detected error el of the test signal is 
smaller than the minimum allowable value emin. the 
above operation is repeatedly performed until the de- 
tected error ei of the test signal becomes greater than 

10 the minimum allowable value emin. At that time that 
the detected error ei of the test signal becomes great- 
er than the minimum allowable value emin, the filter 
coefficient of the equalizer 330 is determined accord- 
ing to the filter coefficient of the band pass filter 292. 

15 With the tape and channel characteristics ana- 
lyzed through the above-mentioned operation, the 
scale controller 250, the channel modulator 280, the 
equalizer 330 and the channel demodulator 340 are 
controlled so that the video data can be modulated 

20 and demodulated at the frequency bands suitable to 
the tape and channel characteristics and then record- 
ed and played back on/from the tape. 

Alternatively, the video data decoded at the fixed 
length by the decoder 130 in the television receiver 

25 100 may be applied to the scaler 230 in the high def- 
inition VCR 200. In this case, the scaler 230 formats 
the decoded video data from the decoder 1 30 into the 
data stream and then applies the data stream to the 
variable length coder 240. Then, the variable length- 

30 coded video data from the variable length coder 240 
is received by the error correction coder 260. 

Referring to Fig. 11, there is shown a block dia- 
gram of a signal characteristic variation apparatus for 
a high definition VCR connected to a high definition 

35 television receiver in accordance with an alternative 
embodiment of the present invention. In this embodi- 
ment, it is assumed that the error correction code is 
compressed and transmitted by the broadcasting sta- 
tion, being added to the video signal. In this conneo- 

40 tion, the construction of this drawing is the same as 
that of Fig. 2, with the exception that the error correc- 
tion coder 260 is removed and the defbrmatter/error 
correction decoder circuit 350 is replaced by only a 
deformatter 350*. 

45 In operation, the scaler 230 formats the com- 
pressed data extracted by the television receiver 100 
or the output signal from the encoder 220 into the data 
stream and then applies the data stream to the for- 
matter 270. The formatter 270 formats the output sfg- 

50 nal from the scaler 230 in the recording format on the 
tape. The procedure of recording the output signal 
from the formatter 270 on the tape is the same as that 
in the first embodiment of Fig. 2 and a detailed de- 
scription thereof win thus be omitted. 

55 In the playback of the video data recorded on the 

tape, the output signal from the channel demodulator 
340 is applied to the deformatter 350*. The deformat- 
ter 35a functions to deformat the output signal from 
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the channel demodulator 340 into the original state. 
The procedure of displaying the output signal from the 
defbrmatter 350* through the monitor of the television 
receiver 100 or the monitor connected to the camera 
or the camcorder is the same as that in the first em- 
bodiment of Fig. 2 and a detailed description thereof 
win thus be omitted. 

Noticeably, the error of the output signal from the 
inverse scaler 360 is extracted and corrected on the 
basis of the error correction code transmitted from 
the broadcasting station by the decoder 130 in the tel- 
evision receiver. In other words, in the second em- 
bodiment of the present invention, the decoder 1 30 in 
the television receiver 100 is adapted to extract and 
correct the error inserted in the transmission and re- 
ception of the video data or generated in the recording 
and playback of the high def intton VCR. 

As apparent from the above description, accord- 
ing to the present invention, the test signal of the pre- 
determined frequency band is recorded and played 
back on/from the tape for discrimination of the tape 
and channel characteristics in the recording mode. 
Therefore, the video signal can stably be recorded on 
the tape with its characteristic adjusted according to 
the discriminated tape and channel ch a racteristics. 
Also, in the playback mode, the tape and channel 
characteristics are discriminated by detecting the test 
signal recorded on the tape. Therefore, the video sig- 
nal can stably be played back from the tape with its 
frequency characteristic adjusted according to the 
discriminated tape and channel ch a racteris ti cs. 

Although the preferred embodiments of the pres- 
ent invention have been disclosed for illustrative pur- 
poses, those skilled in the art will appreciate that va- 
rious modifications, additions and substitutions are 
possible, without departing from the scope and spirit 
of the invention as disclosed In the accompanying 
claims. 



Claims 

1. A signal characteristic variation apparatus for a 
high definition video cassette recorder, compris- 
ing: 

scaling means for selecting an output sig- 
nal from encoding means or variable length- 
coded motion data, control data and DCT coeffi- 
cient data from first decoding means in a televi- 
sion receiver under a control of a first switch and 
formatting the selected signal or data into a data 
stream; 

variable length coding means for coding 
the output signal from said encoding means or 
the motion data, control data and DCT coefficient 
data from said first decoding means at a variable 
length and outputting the coded data to said scal- 
ing means; 



scale control means for outputting a scale 
control signal to said scaling means according to 
a selected one of recording modes; 

error connection coding means for adding 
5 an error correction code to an output signal from 

said scaling means; 

formatting means for formatting an output 
signal from said error correction coding means in 
a recording format on a tape; 
10 channel modulation means for modulating 

an output signal from said formatting means at a 
frequency band suitable to tape and channel 
characteristics; 

test signal generation means for genera t- 
is Ing a test signal in response to a switching control 
signal which is generated according to the select- 
ed recording mode and passing the generated 
test signal at a predetermined frequency band, 
the test signal from said test signal generation 
20 means being used to discriminate the tape and 
channel characteristics; 

recording amplification means for ampli- 
fying an output signal from said channel modula- 
tion means or the test signal from said test signal 
25 generation means by a predetermined level un- 
der a control of a second switch; 

first and second heads for recording an 
output signal from said recording amplification 
means on the tape; 
so third and fourth heads for playing back a 

video signal or the test signal recorded on the 
tape in a playback mode; 

playback amplification means for amplify- 
ing the video signal or the test signal played back 
35 by said third and fourth heads by a predetermined 
level; 

tape characteristic detection means for re- 
ceiving an output signal from said playback am- 
plification means under a control of a third switch 

40 and discriminating the tape and channel charac- 
teristics in response to the received signal; 

equalization means for compensating for a 
distortion of the output signal from said playback 
amplification means in response to a first output 

45 signal from said tape characteristic detection 
means; 

channel demodulation means for demodu- 
lating an output signal from said equalization 
means at a frequency band su Sable to the tape 
50 and channel characteristics in response to a sec- 
ond output signal from said tape characteristic 
detection means; 

deformatting and error correction decod- 
ing means for deformatting an output signal from 
55 said channel demodulation means into the origi- 
nal state and correcting an error of the resultant 
data stream; and 

inverse scaling means for performing in- 

10 
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verse scaling of an output signal from said defor- 
matting and error correction decoding means to 
extract the motion data, the DCT coefficient data 
and the control data therefrom and outputting the 
extracted data to said first decoding means in the s 
television receiver. 

2. A signal characteristic variation apparatus for a 
high definition video cassette recorder, as set 
forth in Claim 1. wherein said scaling means in- io 
eludes: 

a demultiplexer for demultiplexing the out- 
put signal from said encoding means; 

a fourth switch for selecting one of an out- 
put signal from said demultiplexer and the DCT is 
coefficient data from said first decoding means; 

a fifth switch for selecting one of the out- 
put signal from said demultiplexer and the control 
data from said first decoding means; 

a sixth switch for selecting one of the mo- 20 
Hon data from said first decoding means and a 
ground; 

a DCT coefficient data arrangement unit 
for applying an output signal from said fourth 
switch to said variable length coding means and 25 
compressing the coded DCT coefficient data 
from said variable length coding means in re- 
sponse to the scale control signal from said scale 
control means; 

a DCT coefficient data selector for remov- 30 
ing unnecessary DCT coefficient data from an 
output signal from said DCT coefficient data ar- 
rangement unit in response to the scale control 
signal from said scale control means; 

a control data adjustment unit for applying 35 
an output signal from said fifth switch to said va- 
riable length coding means, compressing the 
coded control data from said variable length cod- 
ing means in response to the scale control signal 
from said scale control means and adjusting a 40 
size of the compressed control data in response 
to the output signal from said DCT coefficient 
data arrangement unit; 

a motion data adjustment unit for applying 
an output signal from said sixth switch to said va- 45 
liable length coding means, compressing the 
coded motion data from said variable length cod- 
ing means in response to the scale control signal 
from said scale control means and adjusting a 
size of the compressed motion data in response 50 
to the output signal from said DCT coefficient 
data arrangement unit; 

a multiplexer for multiplexing an output 
signal from said DCT coefficient data selector 
and an output signal from said control data ad- 55 
just me nt unit; and 

a formatter for formatting an output signal 
from said multiplexer and an output signal from 



said motion data adjustment unit into the data 
stream. 

3. A signal characteristic variation apparatus for a 
high definition video cassette recorder, as set 
forth in Claim 1 , wherein said variable length cod- 
ing means includes: 

a control code table for storing control data 
code values for the variable length coding; 

a control data converter for converting an 
output code from said control code table into con- 
trol data and outputting the converted control 
data to said scaling means; 

a motion code table for storing motion data 
code values for the variable length coding; 

a motion data converter for converting an 
output code from said motion code table into mo- 
tion data and outputting the converted motion 
data to said scaling means; 

a DCT coefficient code table for storing 
DCT coefficient data code values for the variable 
length coding; and 

a DCT coefficient data converter for con- 
verting an output code from said DCT coefficient 
code table into DCT coefficient data and output- 
ting the converted DCT coefficient data to said 
scaling means. 

4. A signal characteristic variation apparatus for a 
high definition video cassette recorder, as set 
forth in Claim 1, wherein said test signal genera- 
tion means includes: 

a test signal generator for generating the 
test signal in response to the switching control 
signal which is generated according to the select- 
ed recording mode; and 

a band pass filter for passing the generat- 
ed test signal from said test signal generator at 
the predetermined frequency band and output- 
ting the resultant test signal to said recording am- 
plification means through said second switch. 

5. A signal characteristic variation apparatus for a 
high definWon video cassette recorder, as set 
forth in Claim 4, wherein said tape characteristic 
detection means includes: 

a signal analyzer for discriminating the 
tape and channel characteristics in response to 
the output signal from said playback amplifica- 
tion means and controlling said scale control 
means in accordance with the discriminated re- 
sult; 

a comparator for comparing a frequency 
characteristic of an output signal from said signal 
analyzer with that of the test signal from said test 
signal generation means and applying the sec- 
ond output signal to said channel modulation 
means and said channel demodulation means in 
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accordance with the compared result to adjust 
the frequency bands thereof; and 

a tape characteristic measurement unit for 
detecting an error of the played back test signal 
in response to an output signal from said com par- 5 
ator, varying a filter coefficient of said band pass 
fitter in said test signal generation means in such 
a manner that the detected error becomes smaD- 
er than a predetermined threshold value and out- 
putting the varied filter coefficient as the first out- 10 
put signal to said equalization means to deter- 
mine a filter coefficient thereof. 



A signal characteristic variation apparatus for a 
high definition video cassette recorder, as set is 
forth in Claim 1, further comprising: 

analog/digital conversion means for re- 
ceiving an analog video signal from a view finder 
of a camera or a camcorder and converting the 
received analog video signal into a digital video 20 
signal; 

said encoding means encoding an output 
signal from said analog/digital conversion 
means; 

second decoding means for decoding the 25 
motion data, the DCT coefficient data and the 
control data from said inverse scaling means to 
expand them into states before their compres- 
sion; and 

digital/analog conversion means for con- 30 
verting an output signal from said second decod- 
ing means into an analog signal and outputting 
the analog signal to a monitor connected to said 
camera or camcorder. 

35 

A signal characteristic variation apparatus for a 
high definition video cassette recorder, as set 
forth in Claim 1, wherein said first decoding 
means fo the television receiver extracts and cor- 
rects an error inserted in the transmission and re- 40 
ception of the video signal or generated in the re- 
cording and playback of the high definition VCR, 
instead of said error correction coding and decod- 
ing means. 
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